Where language and literacy barriers exist, medical researchers continue to do a poor job of ensuring access to clinical trials. Feedback from key stakeholders suggests that incorporating visual aids into the consent process can facilitate enrollment of neglected populations. This study was initiated to examine whether a collaboration between a teaching hospital and fine arts institution that introduced the topic of health literacy to student artists could be used to generate medical research-related images. Crowdsourcing was used to examine the effectiveness of the illustrations and provide students with feedback from a lay audience. Twenty-five student artists and 184 survey respondents participated in this study. Combined positive ratings of "very" or "fairly" effective ranged from 5-91% while negative ratings of "slightly" or "not" well ranged from 5-89%. Collaborations, as explored in this paper, can promote minority awareness and provide a novel mechanism by which to communicate complex research-related concepts to patients with limited literacy.
Introduction
Medical researchers continue to do a poor job of providing underserved populations (e.g. children and minorities) access to clinical trials. [Bourgeois, Murthy, Ioannidis & Mandl, 2012; Lang et al., 2010; Hussain-Gambles, Atkin & Leese, 2004] While it is easy to appreciate that this oversight disadvantages patients who are denied access to the state-of-the-art treatments received by trial participants, researchers often fail to recognize that the exclusion of special populations from their investigations can limit the generalizability of their findings. [Davis et al., 1985; Heiat, Gross & Krumholz, 2002] For many underserved populations, issues of language and literacy interfere with recruitment efforts. Researchers argue that they lack the confidence to effectively explain research-related concepts to these populations or cannot afford the costs associated with employing personnel that can serve as interpreters. Sadly, widespread disparities in health literacy reinforce researchers' concerns. [Lipton et al., 2011] Even when informational materials are presented in a participant's native language, studies suggest that they demonstrate strikingly low comprehension levels for basic research concepts. [Schenker, Wang, Selig, Ng & Fernandez, 2007; Minnies et al., 2008] For researchers intent on providing all patients with access to clinical trials, they must; ensure that participant enrollment is truly voluntary; confirm that the permission given by patients is genuinely informed; and ensure that the information given to patients complies with federal, state, and local regulations which includes presenting them with concepts that are somewhat nebulous and difficult to communicate. [Code of Federal Regulations 2011] required in the regulations and the majority of individuals representing Institutional Review Boards (83%) would have approved the illustrated form with little or no modification. [Abdel-Rahman, 2015] One finding that we, as scientists, were not equipped to address related to comments about the overall quality of the images. Our participants felt that the Clip Art-based pictures we had relied on were rudimentary and unsophisticated. In response, we approached the Kansas City Art Institute (KCAI), one of the largest 4-year colleges of art and design in the country, to explore whether there was a mechanism by which we might engage students to participate in the creative process of translating research-related concepts into visual images. This paper reviews findings from the pilot of this collaboration.
Methods

Artists
KCAI students enrolled in the Medical Illustration class (typically 3 rd and 4 th year students) were introduced to issues surrounding health literacy as part of that semesters curriculum. They were subsequently commissioned to develop research-related images as a part of the Institute's Sponsored Studio program which provided tuition remission for their activities. Students worked in self-selected groups that were assigned various concepts for illustration. They used classroom time to discuss their concept and create "thumbnail" images for critique by their peers. Each student developed one thumbnail image into a "rough stage" draft illustration which was subsequently refined to the "sketch for approval" stage in the next class session. The process was repeated over several weeks offering a structured block of activity for the students to engage in the creation of multiple concepts. Given the pilot nature of the project, no restrictions were placed on the students who were permitted to create the images in the style and medium of their choice.
Evaluators
We used a crowdsourcing mechanism to provide students with robust preliminary feedback related to how their illustrations were perceived by the lay public. This strategy permitted us to gather opinions from a large, diverse audience at a substantially lower cost and in a fraction of the time required of the traditional methods such as focus groups. Feedback was solicited using web-based Human Intelligence Task (HIT) services under a protocol that was reviewed and approved by the Institutional Review Board at our hospital. Amazon Mechanical Turk (MTurk) was used to publish the HIT, recruit and compensate participants, and collect the data.
We created an MTurk requestor account to deploy the HITs, each requiring respondents to evaluate 5 images. For each image, respondents were asked: 1) What do you think this picture is trying to say?
2) We are trying to say [concept inserted]. How well does this picture do that?
3) How would you change the picture to better show what we are trying to say?
The first and third questions used an open-ended response format to permit free-text entry. The second question used a 5-point Likert scale to measure response according to the following options; very well, fairly well, somewhat well, slightly well, not well. Questions 2 and 3 were revealed to the respondent only after a response to question one was provided. After reviewing all images in the HIT, a final series of questions captured demographic data about the respondent including; age, gender, level of education, and whether they had any exposure to clinical research. Standard descriptive statistics were used to summarize the MTurk data.
Results
In total, 25 students were involved in this pilot, 11 in semester one and 14 in semester two. The MTurk respondents numbered 100 in semester one and 84 in semester two. Respondents were predominantly female (69.6%) with only a minority indicating that they had prior exposure to clinical research (33.3%). Distribution across the range of ages from <20 yr, 21-29 yr, 30-39 yr, 40-49 yr, 50-59 yr, and 60+ years was 1.1%, 17.9%, 34.2%, 15.8%, 21.2% and 9.8%, respectively. The highest level of education attained by our respondents was middle school in 0.5%, high school in 13.6%, some college in 16.8%, completion of a 2-year degree in 14.1%, completion of a 4-year degree in 32.1%, graduate school in 13%, and post-graduate education in 9.8%.
The illustration styles adopted by the student artists ranged from simple icons to colorful cartoons ( Figure) . A small sampling of responses from the MTurkers, are provided in the This crowdsourcing strategy was robust enough to rank the effectiveness of the images along a wide continuum without clustering at either end of the spectrum. Combined positive ratings of "very" or "fairly" effective ranged from 5-91%. Combined negative ratings of "slightly" or "not" well ranged from 5-89% (Table) . Notably, integration of Likert scoring into the surveys afforded an objective method for comparing or ranking images depicting the same concept but created by different illustrators. In combination with the subjective open-ended response, we could were able to gain a sense of the stylistic preferences of our respondents.
Discussion
This pilot project offered a valuable platform for promoting minority awareness and introducing student artists to the issue of health literacy while providing researchers a novel mechanism by which to communicate complex research-related concepts to patients with limited literacy. It also supports the Institute of Medicine's call to develop "innovative mechanisms to promote understanding for participants with language barriers, diminished capacity, and known vulnerabilities" which we strongly believe can be accomplished through partnerships between health care providers and artists. [National Research Council 2002] Though the quality of the week 1 illustrations provided in the Figure is admittedly mixed, we appreciated an improvement in the quality of the illustrations the student artists produced as they became increasingly comfortable attempting to tackle some relatively nebulous concepts such as voluntariness and confidentiality. This finding reinforced the idea of providing students with an uninterrupted block of time to acclimate to the task. We should note that we gave the students a fair bit of creative freedom during this pilot; however, not all of their artistic choices which met with favorable responses by the reviewers. Subsequent collaborations will aim to provide the students with more structured guidance surrounding the desired end product. We are also exploring tasking the students with the illustration of an entire form, much like a cartoon or graphic novel, rather than isolated concepts. This might provide them with a bit more context and permit the student to "tell the story" for their target patient population.
The intent was to return images to the original artist, along with a summary of the reviews, for subsequent refinement guided by the 1) content analysis of the misinterpretations revealed via the open ended responses to the first question and 2) and suggestions for refinement revealed in the open ended responses to the third question. However, the timing of this project during the course of the semester, as structured in this pilot, did not afford time for a final refinement of the image based on crowd feedback prior to the end of the semester. We feel this can easily be addressed with slight adjustment to the timing of this module in the semester.
A significant limitation with the interpretation of the findings in this study surrounds the terminal education level of our MTurkers which is higher than that of the patient population for whom these images would be intended. Our decision to pursue a "preliminary" evaluation in MTurk was influenced largely by the value of being able to engage art students with rapid feedback that would not be possible using a traditional convenience sampling based design. Illustrations intended for use in our patients will eventually be evaluated in a more representative population using focus groups or one-on-one interviews which we have successfully accomplished in the past by engaging our institution's various family advisory boards which are constituted by children, parents/care givers, and non-English language speakers. [Abdel-Rahman, 2015] 
Conclusions
The collaboration described herein reflects an ideal partnership between a teaching hospital and an institution of higher learning. Based on the observations of this pilot program, we feel that similar collaborations can expand the impact of the visual arts in medical research and, with the necessary validation in patient populations of interest, facilitate access to state-of-the-art medical advances for underserved populations. We also believe that by engaging student artists we can promote the marriage of research and the arts in a new generation of artists while fostering an awareness of the unique challenges faced by low-literacy populations. However, construction of this type of collaboration will require special attention to the proposed layout within their educational curriculum. It will also require structured guidance with respect to the desired end product so as to ensure the application of health literacy principles within their art works. As shown in Table 1 , the objective ratings and the nature of the comments provided by reviewers varied markedly between illustrated concepts. A wide array of impressions and recommendations for modification can be observed with the excerpted examples provided.
Figure Legend
Preliminary images created by students exploring the various research-related concepts detailed in the table.
